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Introduction:
Cell signaling, the communication between cells, is very important to the
function of all cells in the body. This is especially true for the regulation ofsmooth
muscle contraction, which is the focus ofthese experiments. Signal transduction
specifically refers to the process by which incoming signals (instructions from
extracellular chemical messengers) are conveyed to selective target(s) in the cell’s
interior for execution. Most often, this signal transduction is carried out by the
binding of ligands to receptors. The desired internal response may be brought about
in two different ways:(1) by opening or closing specific channels in the membrane to
regulate the movement of particular ions into or out ofthe cell or(2)by transferring
the signal to an intracellular chemical messenger(Sherwood,2004). The experiments
that were performed as a component to this project did not delineate between these
two methods of cell signaling. However, it is probable that the experiments explored
the first method of response, the opening and closing of specific channels. The
movement of ions across cell membranes through ion channels is essential for a wide
variety of fundamental physiological processes, including muscle contraction
(Levitan, 2006). These channels are selective for ions such as sodium, potassium.
and calcium, the ion being studied in the present experiments.
Sigma(o)receptors are novel receptors that are an emerging research area and
thus little is known about how they operate and what they do. These a receptors were
originally proposed to be members of the opioid receptor family. However, it is now
known that o receptors are unique nonopioid receptors that have widespread
distribution in neuronal and non-neuronal tissues. They are implicated in psychiatric
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disorders such as schizophrenia, depression, and drug dependence and appear to have
roles in cancer biology and immunological responsiveness. It is also proposed that a
receptors play a role in the regulation ofthe cardiovascular system,through activation
of receptors on cardiac as well as smooth muscle(Monassier,2002).
Smooth muscle is defined as involuntary muscle and is innervated by the
autonomic nervous system and found in the walls of hollow organs and tubes
(Sherwood, 2004). Vessels such as arteries and arterioles must be able to dilate and
constrict in response to fluctuations in blood pressure in order to maintain a constant
blood flow. Many single-unit(myogenic)smooth muscle cells have sufficient levels
of cytosolic calcium to maintain a low level oftension, also known as resting tone.
This constitutes a basal vascular tone from which further dilating and constricting
may occur. Any change in the calcium level from the resting level alters the
contractile response(Sherwood,2004). Ca^^-dependent vascular tone is regulated
2+:

through several mechanisms, as there are many ways to regulate intracellular Ca

m

smooth muscle. One such mechanism involves opening of L-type channels, initiated
by a pressure-induced depolarization ofthe membrane(Davis and Hill, 1999).
Opening of these channels leads to calcium influx and elevated amounts of c)4osolic
calcium. Another possible mechanism is that neural stimulation induces stimulation
of adrenergic receptors on the plasma membrane, a-adrenergic activation leads to IP3
2+

receptor stimulation on the sarcoplasmic reticulum and subsequently to cytosolic Ca
increases as well as L-type Ca^^ channel activation (Kuriyama, 1998; del Corsso
2006). This increased calcium propagates further steps required to bring about
smooth muscle contraction. Other channels are also involved in the regulation of
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calcium entry and vascular tone and thus it is dilBBcult to predict causation without
significant experimentation (Davis and Hill, 1999).
Ongoing experiments by the laboratory group are working to elucidate the
role of a receptors in the regulation of blood pressure. The working hypothesis is that
a receptor stimulation causes an increase in blood pressure. This premise is supported
by recent evidence that a receptor stimulation in rat causes increases in mean arterial
blood pressure(MAP). The elevation in the blood pressure is thought to be through a
multistep process that may involve depression in

current activity, which is a

common signaling event in response to a receptor stimulation(Davis and Hill, 1999
and Levitan, 2006). This second assumption is also supported by additional
preliminary evidence from the laboratory. Presumably,this decrease in

current

activity allows for more pronounced vascular tone when there is stimulation by other
signaling systems. This leads to the hypotheses that a-receptor stimulation causes
Ca^"^ responses in vascular smooth muscle cells and modulation of other signaling
systems that are involved in cytosolic Ca^^ signaling, such as a-adrenergic signaling
2+:
pathways. These hypotheses were examined by monitoring the cytosolic Ca in

isolated smooth muscle cells during stimulation with a-receptor ligands and during
stimulation of a-adrenergic pathways, which cause cytosolic Ca^”^ responses in
vascular smooth muscle.

Methods:
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Arterial and cell isolation

Smooth muscle cells were isolated ifrom rat and mouse(murine) mesenteric
arteries as well as from canine and fetal ovine pulmonary arteries. The isolation
procedures for rat and mouse were similar to each other but different from that ofthe
ovine and canine pulmonary, which were also similar to one another. Mesenteric
arteries and cells were isolated as described previously (del Corsso et.al., 2006). In
brief, male C57BL/6 mice were anesthetized and then euthanized with CO2. Both
procedures were approved by the University of Mississippi Institutional Animal Care
and Use Committee. Rats were either decapitated or euthanized with CO2. The
mesentery, including the vasculature and gut was excised en bloc. Arteries <250 pm
were dissected at 5°C to decrease cellular metabolic activity in a low-Ca^^
physiological saline solution(PSS)containing in mM: 125 NaCl; 5.36 KCl; 0.336
Na2HP04; 0.44 K2HPO4; 11 HEPES; 1.2 MgCb;0.05 CaCb; 10 glucose; 2.9 sucrose.
pH 7.4 (adjusted with Tris), osmolarity 300 mOsm (adjusted with sucrose). Arteries
were cleaned of adipose and connective tissues, cut into small pieces and placed in a
vial containing fresh PSS. Tissue was then immediately digested by placing in lowCa^^ PSS containing (in mg/ml): 1.67 collagenase type XI; 0.13 elastase type IV, and
0.67 bovine serum albumin (fatty acid free)for 18-23 min at 34®C. The tissue was
then washed several times in warm (34°C),low-Ca^^ PSS and subsequently triturated
with a fire-polished Pasteur pipette. The resulting dispersed MASMCs were cold
stored at 5°C for up to 8 hours until experiments were performed.
Canine and fetal near term(~ 140 days gestation) sheep pulmonary arterial
rings and individual smooth muscle cells were isolated as previously described {Jabr,
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1997 JABR1997 /id;Janiak, 2001 JANIAK2001 /id}. Mongrel dogs of either sex were
euthanized with pentobarbital sodium (45 mg/kg l.v.) and ketamine(15 mg/kg l.v.).
as approved by the University ofNevada at Reno Institutional Animal Care and Use
Committee. Sheep were euthanized with 100 mg/kg intravenous pentobarbital
sodium. All surgical and experimental procedures were performed within the
regulations of the Animal Welfare Act. The National Institutes of Health’s Guide for
the Care and Use of Laboratory Animals was strictly adhered to, as was “The Guiding
Principles in the Care and Use of Animals” approved by the Council ofthe American
Physiological Society, and governed by the Animal Care and Use Committee of
Loma Linda University. The heart and lungs of canine or ovine were excised en
block. Prior to isolation the main pulmonary arteries were flushed with a low-Ca^^
physiological saline solution(PSS)containing in mM: 125 NaCl; 5.36 KCl; 0.336
Na2HP04;0.44 K2HPO4; 11 HEPES; 1.2 MgCb;0.05 CaCb; 10 glucose; 2.9 sucrose,
pH 7.4 (adjusted with Tris), osmolarity 300 mOsm (adjusted with sucrose). The third
and fourth branches of pulmonary arteries were dissected at 5° C to decrease cellular
metabolic activity. Arteries were cleaned of connective tissue, cut into small pieces
and placed in a tube containing fresh PSS. Tissue was immediately digested or stored
in the refrigerator (5” C)up to 24 hours. To disperse cells, tissue was placed in lowCa^'^ PSS containing (in mg/ml): 0.5 collagenase type XI,0.03 elastase type IV, and
0.5 bovine serum albumin (fat free)for 14 -16 hours at 5° C. The tissue was then
washed several times vydth 5^ C low-Ca^'^ PSS solution and triturated with a firepolished Pasteur pipette. The resulting dispersed pulmonary ASMCs were then stored
at 5° C up to 8 hours until experiments were performed.
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Global

measurements

Cytosolic [Ca^"^ was measured in pulmonary and mesenteric ASMCs loaded
with the ratiometric, Ca -sensitive dye fura-2 AM (Molecular Probes, Eugene,OR)
using a dual excitation digital Ca^"^ imaging system (lonOptix Inc., Milton, MA)
equipped with an intensified CCD.The imaging system was mounted on an inverted
microscope (Nikon) outfitted with a 40X(NA 1.3, Nikon Inc., Melville, NY)oil
immersion objective. Fura-2 AM was dissolved in DMSO and added from a 1 mM
stock to the cell suspension at a final concentration of 10 pM. Cells were loaded with
fura-2 AM for 20-25 min in a perfusion chamber(Warner Instruments, Hamden,CT)
at room temperature in the dark. To allow for dye esterification,cells were then
washed for 30 min at 2 ml/min \vith a balanced salt solution ofthe following
composition in mM: 126 NaCl; 5 KCl;0.3 NaH2P04; 10 HEPES; 1 MgCh;2 CaCl2;
10 glucose; pH 7.4 (adjusted with NaOH),285 - 305 mOsm. Cells were illuminated
with a xenon arc lamp at 340 ± 15 and 380 ± 12 nm and emitted light collected at 510
± 20 nm (Omega Optical, Brattleboro, VT)with an ICCD camera(lonOptix,Inc
Melville, NY)from regions that encompassed single cells. In most experiments,
images were acquired at 1 Hz and stored on either compact disk or magnetic media
for later analysis. In some experiments,the intracellular calcium ([Ca^^i)was
estimated from the ratio offluorescence excited at 340 and 380 nm(R)as described
by Grynkiewicz et al (1985), assuming a Kd for Ca^^ binding to fura-2 of224 nM
{Grynkiewicz, 1985 GRYNKIEWICZ1985 /id} from the relation [Ca^'lr Kd *
(Sf2/Sb2) * (R-Rmin)/(Rmax-R), where the values for Fago in the absence ofextracellular
Ca^"^ (Sf2), Faso in the presence of 10 mM extracellular Ca^"^(Sb2), minimum ratio
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(Rmin), and maximum ratio (Rmax) were determined from in situ calibrations offura-2
for each cell. For each cell an in situ calibration was carried out at the end ofeach
experiment after applying 1 pM ionomycin. To determine the maximum ratio, RmSXs
cells were perfused with a balanced salt solution that contained 10 mM

while

the minimum ratio, Rmin, was obtained after applying balanced salt solution that did
not have any added Ca^"^ and contained 10 mM EGTA. The amplitudes ofthe
increases in F340/F380 ratio and cytosolic [Ca^"*] due to cell stimulation are expressed
relative to baseline values. Background fluorescence was collected automatically and
subtracted from the acquired fluorescence video images during each experiment.
Experimental temperature was maintained at 30-34°C with a dual automatic
temperature controller (Warner Instruments, Hamden,CT).

Statistical analysis

All data are presented as mean ± S.E.M. Statistical difference between groups
were determined with a two- tailed unpaired Student's t tests. One way ANOVA tests
were used the percentage of cells responding to agonists. A repeated measures
analysis of variance and a Newman-Keuls multiple comparison test was used to
determine if there were dose dependent increases in Ca^^ release and effects of DTG
on Ca^^ release. A P value of <0.05 was used as a criterion for significance, however
the specific P value is provided.

Chemicals and drugs
Ionomycin free acid was purchased from Calbiochem (San Diego, CA)and
nisoldipine was kindly provided by Miles Inc.(West Haven, CT,USA); all other
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chemicals were purchased from Sigma(St. Louis, MO,USA). 1,3-di-o-tolylguamdine
(DTG)acetate salt was synthesized by C. McCurdy,Department of Medical
Chemistry, University of Mississippi School ofPharmacy.

Results:
Figure 1 shows a representative fura-2 fluorescence (F340/F380) ratio trace from
murine mesenteric arterial smooth muscle cells(mMASMC)at pH 7.4 and the
responses to varying concentrations ofthe a-adrenergic receptor agonist,
phenylephrine(PE)both in the presence and absence of 10 pM DTG,as well as 10
mM caffeine (caf). The fura-2 ratio is correlated to the change in intracellular
calcium. This individual cell responded to both doses of caffeine, along with 100 pM
PE and 1 pM PE+DTG. No responses to any other PE concentrations were observed.
Figure 2 shows the percentage of cells in mMASMC responding to varying
concentrations of phenylephrine both in the presence and absence of 10 pM DTG.
No cells responded to 0.1 pM PE in either condition. At IpM PE,roughly 10% ofthe
cells exhibited Ca^^ increases in both conditions. In comparison, 10% ofthe cells
responded to 10 pM PE alone. However, no cells responded in the presence of DTG.
Yet, this finding was not statistically significant. Roughly,40% of cells responded to
100 pM PE in the absence of DTG and 10% in the presence ofDTG. Yet,there were
no significant differences between the two groups.
Figure 3 shows the mean rise in the fura-2 ratio for those cells that responded
in Figure 2. At 1 pM and 10 pM PE the change in calcium was roughly the same,a
ratio of approximately 0.025 ± 0.03 (S.E.M.)respectively. 1 pM and 10 pM PE +
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DTG caused a doubling in this response, with a ratio change of 0.05 ± 0.03. In
comparison, at 100 jiM there was no change in the fluorescence ratio. A one-way
analysis of variance and a Newman-Keuls multiple comparison test indicates that
there were no significant findings.
Figure 4 shows a representative fura-2 ratio trace from rat mesenteric arterial
smooth muscle cells(rMASMC)at pH 7.4 to varying concentrations ofPE both in the
presence and absence of 10 pM DTG. No responses were observed for any
concentration of PE alone. This individual cell did respond to 1 pM, 10 pM,and 100
pM PE + DTG.
Figure 5 shows results from a similar set of experiments performed on
rMASMC to varying concentrations ofPE both in the presence and absence of 10 pM
DTG. At 0.01 pM PE and PE + DTG,approximately 55% of cells exhibited a
response. At both 0.1 pM and 1 pM PE there was no recorded response, but both
concentrations did respond to PE + DTG with approximately 50% responding at 0.1
pM and 10% to 1 pM PE. 10% of cells responded to 10 pM and 100 pM PE. 10 pM
PE + DTG brought about the largest number of responders with 100% of cells
responding. This was found significantly different(P<0.005)by using a Fisher’s
exact test. By comparing Figures 1 and 5, it appears that rMASMC are more
responsive to PE alone and in the presence of DTG than mMASMC.
Figure 6 shows the mean rise in the fura-2 ratio for those cells that exhibited
responses as depicted in figure 5. At 0.01 pM PE,the change in the fluorescence
ratio was slight while in the presence of DTG this concentration ofPE induced a
change of about 0.015 ± 0.6. Almost the same change occurred at 0.1 pM PE + DTG.
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At 1 |j.M PE+DTG,a change of0.050 ± 0.6 occurred. 10 jiM PE exhibited a change
of 0.035 ± 0.6 to PE alone and 0.065 ± 0.6 while in the presence ofDTG.
Interestingly, 100|iM PE in the presence of DTG did not potentiate the fura-2 ratio
compared to that ofPE alone. A one-way analysis of variance proved that these
findings were not significant with a P value of0.71.
Figures 7, 8 and 9 are similar to Figures 1,2 and 3 except this set of
mMASMC was run at pH 8, instead ofthe control pH 7.4. Raising the pH was
thought to alter the charge characteristics ofthe DTG and theoretically should have
increased its membrane permeability. Figure 7 shows a representative trace from
mMASMC at pH 8 to varying concentrations ofPE both in the presence and absence
of 10|iM DTG,as well as 10 mM caffeine. This individual cell exhibited responses
to caffeine, 1 pM PE, 10 pM PE,and 100 pM PE. In addition to these PE alone
responses, the cell also responded to 1 pM and 10 pM PE + DTG.
Figure 8 shows a summary ofthe percentage of cells responding to varying
PE concentrations in the presence and absence ofDTG. There was no dose
dependent increase in the percentage of cells responding to PE. 0.1 pM PE elicited a
response in almost 25% of cells, while the same concentration ofPE + DTG caused
only slightly fewer cells to respond. In comparison to this low-dose ofPE,DTG did
not significantly increase the percentage of cells responding to higher PE
concentrations. Approximately 40% responded to 1 pM PE while nearly 70%
responded to PE + DTG. Exposure to 10 pM PE caused almost 90% ofthe cells to
respond. 75% responded to 10 pM PE+DTG. Approximately 95% of cells
responded to 100 pM PE, but only about 80% responded to 100 pM PE + DTG. No
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significant differences were found in the percent of cells responding based on a Fisher
exact test.
Figure 9 shows the mean rise in the fura-2 ratio ofthose cells that responded
to agonists in Figure 8. There was a dose dependent increase in the fluorescence ratio
to from 0.1 p.M PE and 1 jiM PE to 100 pM PE in both the presence and absence of
DTG (P<0.05). 0.1 pM PE elicited a florescence ratio increase of0.05 ± 0.04 while
that of PE + DTG was 0.10 ± 0.4. 1 pM PE caused a ratio increase of0.075 ± 0.04 to
PE alone and 0.08 ± 0.03 to PE in the presence ofDTG. This upward trend continued
with the higher doses of PE too. A ratio of0.15 + 0.07 was recorded for 10 pM PE
alone and 0.10 ± 0.04 to PE + DTG. 100 pM PE had a florescence ratio of0.30 ±
0.07 and 0.25 ± 0.06 to PE in the presence ofDTG.
Figure 10 represents the percentage of cells responding to all concentrations
ofPE alone and in the presence of DTG in MASMCs from murine and rat. Murine at
a pH 7.4 had a response in almost 45% ofcells to PE and approximately 25% to PE in
the presence of DTG. Murine at pH 8 had a greater amount of cells responding with
almost 100% responding to PE alone and about 85% to PE in the presence ofDTG.
A greater percentage of cells from rat exhibited responses to PE than murine at pH
7.4. Approximately 75% of rat cells responded to PE alone and 100% to PE+DTG.
Figure 11 shows the percentage of cells responding to 10 pM and 300 pM
DTG in canine PASMC as well as, 10 pM DTG in fetal Ovine PASMC and
rMASMC. 10 pM DTG elicited Ca^^ increases in 100% ofcanine PASMC cells
while 300 pM DTG caused Ca^^ increases in 31% ofthe cells examined. This finding
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was determined to be significantly different. In comparison,64% offetal Ovine
PASMCs and 75% of rMASMCs had Ca^"^ increases to 10 pM DIG.
Figure 12 shows the estimated cytosolic Ca^"^ for the responsive cells from
Figure 11 and it was found that the Ca^"^ increases were significant as tested by a
paired t-test. Canine PASMCs had a 139 ± 30 nM increase in Ca^^ to 10 pM DIG
and a 53 ± 37 nM to 300 pM DTG. In fetal sheep,PASMCs the response to 10 pM
DTG was 39 ± 16 nM while in rMASMC it was 25 ± 3 nM. Due to experimental
design it was not possible to determine if murine MASMCs responded to DTG alone.

Discussion:
The findings of our studies show for the first time that a putative a receptor
agonist induces Ca^"^ responses in smooth muscle cells from different vascular beds
and species. Our findings also provide evidence that a receptor activation may have
some effects on a-adrenergic mediated Ca^^ responses in mesenteric arterial
myocytes. This regulation of Ca^^ responses is likely to have effects on vascular tone
and reactivity.
The regulation of vascular contractility is complex and receptor-mediated
signaling pathways that elicit Ca^^ responses have an intimate role in this process.
Adrenergic stimulation of arteries, such as that mimicked by PE,causes contraction
and this is dependent on activation of a-adrenergic receptors and rises in intracellular
Ca^'^ICorsso, 2006 2182 /id;Jabr, 1997 JABR1997 /id}. The membranes ofthe
arterial smooth muscle that we studied typically remain at the resting membrane
potential until stimulated by neural or humoral factors or by changes in intravascular
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pressure (Jabr et al 1997, Janiak et al. 2001, Wilson et al. 2005, del Corsso et al.
2006, Davis & Hill, 1999). When smooth muscle is stimulated,there is release of
Ca^"^ from intracellular stores and there is extracellular Ca^^ entry. The increased
intracellular calcium then acts to initiate a chain of biochemical events, where
calcium binds with calmodulin, which activates Ca^^-calmodulin Kinase(CAMK),
resulting in myosin phosphorylation. The phosphorylated myosin then binds with
actin to form a cross-bridge, which induces contraction {Davis, 1999 559 /id},
o receptors are widely distributed throughout the body being found in various
tissues and organs including brain, liver, and heart, kidney and smooth muscle
(Monassier and Bousquet, 2002,Zhang and Cuevas,2005). This widespread
distribution is paired with diverse response characteristics, which has made
examinations of o receptor signaling difficult. For example, o receptors are known to
be important in the nervous system and there is mounting evidence that they are
important to smooth muscle tone {Zhang,2005 2211 /id}. They are involved in a
number of cardiovascular functions such as regulation of cardiac contractility and
rhythm, as well as the regulation of coronary and peripheral arterial tone. They have
been found to either increase or decrease the contractile force ofthe heart based on
dose and time of introduction ofa ligands {Monassier,2002 1337 /id;Monnet, 2005
2189 /id}, illustrating the complex role of a receptors. Based on our work and the
work of others, the effects of a ligands on Ca^^ signaling in smooth muscle appear to
be complex as well. These changes in Ca^^ signaling are likely involved in the a
receptor-mediated enhancement of electrically-evoked contractility in bladder, as well
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contractility in coronary artery and relaxation in rat tail artery {Massamiri, 1991 2184

/id}.
a receptors are known to modulate cellular and tissue function thorough
regulation of Ca^"^ homeostasis and cell excitability. A recent review shows that a
receptor activation causes complex changes in Ca^"^ signaling that may involve both
extracellular Ca^^ entry as well as intracellular Ca^"^ release through InsPsR channels.
Our data showing elevations in cytosolic Ca^^ in myocytes from different species
with a receptor stimulation are consistent with these previous findings. Given that aadrenergic receptors have a prominent role in exciting smooth muscle through Ca^^dependent pathways, we were somewhat surprised that there were not profound
changes in these responses when a receptors were activated {del Corsso,2006 1947
/id;Kuriyama, 1998 KURIYAMA1998 /id}. However,our experimental evidence
does provide some suggestion that there may be augmentation in myocyte responses
to low levels, but not high levels, of stimulation. Although this is consistent with
changes in overall tissue responsiveness,the lack of profound changes in aadrenergic Ca^^ signaling with a receptor stimulation makes it difficult to reach a
definitive conclusion at this time.
o receptors often regulate cellular function through the activity ofion
channels. In particular, there is substantial evidence that they modulate voltage-gated
potassium channels. There are numerous voltage gated potassium channels expressed
in smooth muscle and it stands to reason that o receptors may modulate their function
(Kuriyama et al., 1998). These, voltage-gated potassium channels are known to
modulate cellular and tissue fimction through regulation of Ca^^ homeostasis.
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Secondanly» there is substantial evidence and research illustrating that a stimulation
causes a depression in, or inhibits,

channel activity. This depression in activity

would likely result in depolarization ofthe plasma membrane and activation ofL-type
voltage-gated Ca

channels, which would induce cytosolic Ca^^ elevations and

ultimately contractility. Ongoing work in the laboratory provides evidence for this
inhibition of potassium channels through a receptor stimulation in vascular smooth
muscle.
This thesis begins to outline some ofthe mechanistic details involved in o
receptor-mediated regulation of vascular function. Although the exact mechanisms
have yet to be determined, we provide compelling evidence that a receptors are
important to Ca^^ signaling in vascular smooth muscle. Future experiments are
required to more clearly delineate the cellular mechanisms related to o receptor
regulation of Ca^^ homeostasis and the involvement of

channels to this process

and their relationships to a receptor mediated changes in blood pressure. Lastly, given
that a receptors affect blood pressure responses, it seems logical that they could have
great therapeutic potential toward the treatment of vascular disease.
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Figure 1: Representative trace from mMASMC at pH 7.4. The
individual responses to varying concentrations of PE both in the
presence and absence of lOpM DTG, as well as 10 mM caffeine (caf).
This cell responded to 10 mM caf, lOOpM PE and IpMPE+DTG.
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Figure 2. DTG does not alter the responsiveness of mMASMC to
phenylephrine. The figure shows the percentage of cells responding
to varying concentrations of PE in the presence and absence of DTG.
67 cells from 7 animals were tested for the results. No significant
differences were observed between the experimental conditions by a
Fisher exact test.
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Figure 3; DTG does not alter the Ca^'*' response in mMASMC to PE.
This figure shows the mean rise in the fura-2 ratio, which is
correlated to the change in cytosolic [Ca^"^] for those cells that
responded in Figure 2. 67 cells from 7 animals were tested for this
data. There was a dose dependent increase in the [Ca^^] increase
between 0.1 pM PE and lOOpM PE. No significant differences were
observed in the Ca^"^ response to PE in the presence or absence of
DTG with a one-way analysis of variance and a Newman-Keuls
multiple comparison test.
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Figure 4; Representative trace from rMASMC at pH 7.4 to varying
concentrations of PE both in the presence and absence of lOfjM DTG.
This cell responded to IpM, lOpM, and lOOpMPE+DTG. No
responses were observed in the absence of DTG.
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Figure 5: DTG may alter the responsiveness ofrMASMC to
phenylephrine. This figure shows the percentage of cells responding
to varying concentrations of PE in the presence and absence ofDTG.
7 cells from 2 animals were tested for this data. * Denotes significant
difference (P<0.005) in percentage of cells responding to PE in the
presence of absence of DTG by a Fisher exact test.
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Figure 6. D TO does not alter tlie Ca^"^ response in rMASMC to PE at
pH 7.4. This figure shows the mean rise in the fura-2 ratio, which is
correlated to the change in cytosolic [Ca^"^] for those cells that
responded in Figure 5. 3 cells from 1 animal were tested for this data.
A one-way analysis of variance yielded no significant differences.
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Figure 7. Representative trace of mMASMC at pH 8 to varying
concentrations of PE both in the presence and absence of lOpM
DTG, as well as lOmM caffeine (caf). This cell responded to caf,
IpM PE, lOpM PE, lOOpMPE, IpM PE+DTG,and lOpM
PE+DTG.
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Figure 8. D l'Ci does not alter the responsiveness of mMASMC to
phenylephrine at pH 8. Shows the percentage of cells responding to
varying concentrations of PE in the presence and absence ofDTG. 21
cells from 3 animals were tested for the data. No significant
differences were found in the percentage of cells responding in the
presence or absence ofDTG based on a Fisher exact test.
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Figure 9. D TG does not alter tlie magnitude of the
response in
mMASMC to PE. This figure shows the mean rise in the fiira-2 ratio,
whieh is correlated to the change in cytosolic [Ca“+] for those cells
that responded in Figure 8. 17 cells from 3 animals were tested for
the data. Using a repeated measured analysis of variance and a
Newman-Keuls multiple comparison test there was a dose dependent
increase in the Ca“+ response from O.lpM and IpMPEto lOOpMPE
in both the absence and presence of DTG (P<0.05). DIG had no
impact on the magnitude of the Ca^^ response.
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I'igure 10. Overall eilects of DTG on PE mediated responsiveness.
This figure shows the percent of responding cells in different species
to all concentrations of PE in the presence and absence of DTG. 120
cells from 13 animals were tested for this data. No significant
differences were observed in the cell types examined.
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Figure 1 1. DTCj elicits cytosolic Ca^'^ responses in arterial smooth
muscle cells from varying vascular beds and species. This figure shows
the percentage of cells responding to lOpM and 300pM DTG in canine
PASMC, 1 OpM DTG in fetal Ovine PASMC and rMASMC. A total of
72 cells were examined from 5 animals. * denotes significant difference
(P<0.0001) in % of cells with Ca^'^ increases to the two DTG
concentrations in canine PASMCs by a Fisher exact test.
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Figure 12. DTG causes cytosolic [Ca^^] increases in multiple species.
This figure represents tlie change in cytosolic
in varying species.
The cells examined are the responsive cells from Figure 11.
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